Abstract The timing of prenatal exposure to tobacco cigarette smoking can be crucial for the developing fetus. Pushing the field beyond prior pregnancy trimester-focused smoking estimates, we estimated month-specific prevalence proportions for tobacco cigarette smoking among pregnant and non-pregnant women of the United States, with consideration of tobacco dependence (TD) as well. In advance, we posited that pregnancy onset might prompt smoking cessation in early months, before the end of the 1st trimester, and that TD might account for sustained smoking in later months, especially months 8-9, when there are added reasons to quit. Estimates are from the 2002-2009 National Surveys on Drug Use and Health Restricted-Data Analysis System (R-DAS), with large nationally representative samples of US civilians, including 12-44 year old women (n * 70,000) stratified by pregnancy status and month of pregnancy, with multi-item assessment of TD as well as recently active smoking. Age was held constant via the Breslow-Day indirect standardization approach, a methodological detail of potential interest to other research teams conducting online R-DAS analyses. Among 12-44 year old women in Month 1 of pregnancy, as well as non-pregnant women, just over one in four was a recently active smoker (26-27 %), and approximately one-half of these smokers qualified as a TD case (52 %). Corresponding estimates for women in Month 3 were 17.6 % and two-thirds, respectively, lending some support for our advance hypotheses. Nonetheless, our a priori TD hypothesis about Months 8-9 seems to be contradicted: an increased concentration of TD among smokers surfaced early in pregnancy. Evidence of a possible ameliorative pregnancy effect on smoking prevalence as well as TD's effect on smoking persistence might be seen quite early in pregnancy. Substitution of a month-specific view for the traditional trimester view sheds new light on how pregnancy might shape smoking behavior before the end of trimester 1, with TD seeming to thwart a public health goal of 100 % cessation, early in pregnancy.
Introduction
The timing of prenatal tobacco smoking exposure can be crucial for pregnancy outcomes and fetal development, with potential smoking-affected epigenetic processes as early as the embryonic period of development and before Month 2 of pregnancy has ended [1] [2] [3] [4] . Low birth weight (LBW) provides one illustration of timing issues. There is tangible smoking-attributable excess LBW risk for offspring of mothers who smoke through all 9 months of the pregnancy, but apparently no such excess risk for offspring when the mothers quit smoking by Month 5 [5] . In past research, trimester-specific estimates of tobacco smoking before and during pregnancy suggested beneficial effects on smoking behavior, and raise a possibility that early discovery that one is pregnant might function as a precipitant of smoking cessation [6] [7] [8] . In an attempt to bring the human data into greater alignment with pre-clinical lines of research on suspected consequences of prenatal exposure to nicotine and tobacco smoking, in this study, we have substituted a month-specific approach for the traditional trimester-specific approach. We are presenting estimates for tobacco cigarette smoking proportions among women age 12-44 years old, stratified by pregnancy status and month of pregnancy, as well as corresponding monthspecific estimates for Tobacco Dependence (TD) prevalence among pregnant smokers. Our advance expectation was that we would see evidence consistent with pregnancyattributable smoking cessation as early as Months 2-3 of the pregnancy (i.e., possibly not in Month 1, but before the end of the first trimester), and a relatively greater concentration of TD cases among pregnant smokers in Months 8-9. We did not expect smoking prevalence to be appreciably different in the contrast of non-pregnant women versus women in the earliest weeks of pregnancy; they might have not had enough time to quit smoking during those weeks. We forecast a greater TD prevalence in Months 8-9 because TD might help explain why knowledge of the pregnancy had not been enough to promote successful smoking cessation by those months.
With advantages of recent nationally representative sample surveys and standardized data collection approaches, the objective was to check whether the possibly ameliorative effect and reduced smoking prevalence could be seen within the first months of pregnancy (i.e., before the first trimester has ended), and to add new evidence on TD as a determinant of smoking prevalence in late pregnancy. This study's smoking prevalence estimates for independently sampled pregnant mothers, month by month, allowed us to learn from the more fine-grained temporal month-wise approach (i.e., more fine-grained than the traditional trimester approach). Eiden and colleagues previously used a month-wise approach when studying 215 urban pregnant females, but we have found no nationally representative month-wise estimates in any previously published article [9] . In past research, samples for the trimester-specific approach generally have been limited to pregnant women, most often assessed perinatally and retrospectively across the months of pregnancy [10, 11] . This approach might have introduced special threats to data validity when women have been told not to smoke during pregnancy. A US government report in 2009, based on the National Surveys on Drug Use and Health (NSDUH) data, constrained this threat to validity via the Audio Computer Assisted Self-Interview (ACASI) system described below, with samples including both non-pregnant and pregnant women, but the research team took the traditional trimester-specific approach to derive smoking estimates [6] .
The present study pushes the field beyond these trimester-specific views in order to see what can be learned by studying tobacco smoking experience with a more finegrained month-wise view of potential variation of estimates within trimesters. In our opinion, the use of a more finegrained approach should add value to what has been published in the past. This work might stimulate new research with month-specific assessments in lieu of the more traditional trimester-specific assessments.
Materials and Methods
The NSDUH Restricted-Data Analysis System (R-DAS), appropriately weighted for pooled 2002-2009 analyses, yield nationally representative sample survey estimates for the US non-institutionalized civilian population age 12 years and older, as described elsewhere [12] . Briefly, each year, the NSDUH secures a new sample using a crosssectional multi-stage area probability sampling survey research approach, with oversampling of subgroups (e.g., youth and young adults) in order to provide more precise weighted estimates for these subgroups. Generally, NSDUH survey response levels exceed 70 %. In addition to applying weights to reflect the probability of selection and to adjust for non-response, post-stratification adjustment factors are used -for example, to bring survey estimates into balance with US Census distributions for age, sex, and race-ethnicity [13] . The NSDUH study protocol have been reviewed and approved by cognizant institutional review boards for protection of human subjects in research.
For this project on smoking in pregnancy, the pertinent NSDUH study sample encompasses females aged 12-44 years and an effective sample size of more than 70,000 women. However, some designated participants had missing or invalid responses to key study variables, reducing effective sample size to just under 70,000 women, with slightly more than 4,200 assessed during pregnancy. The numbers of pregnant women were roughly equal across months 2-8 of pregnancy (11-13 % of all pregnant females), whereas 7 % of pregnant women were 1 month pregnant and 7.4 % of pregnant women were 9 months pregnant.
National Surveys on Drug Use and Health assessments involve the confidential ACASI system that covers drug use and other health characteristics in pre-worded and generally precoded standardized multi-item modules. The ACASI system provides a highly private means of responding to questions, designed to increase the level of honest reporting of sensitive conditions such as extramedical drug use. The tobacco module precedes the pregnancy module by at least 10 min, which might promote accuracy and completeness of the smoking history relative to alternatives (e.g., versus an approach that asks initial items on pregnancy, immediately followed by smoking items).
The key response variable in this study is tobacco cigarette smoking in the 30 days prior to the self-report assessment date, based a question about smoking cigarettes ''within the past 30 days''. NSDUH self-reports also assess pregnancy status and the month of pregnancy through these questions ''Are you pregnant?'' and ''How many months pregnant?''. As for tobacco dependence, the R-DAS TD variable is based on a composite Nicotine Dependence Syndrome Scale (NDSS)/TTFC TD index combining multi-item information from the NDSS [14] and Fagerstrom's 'Time To First Cigarette' item (TTFC) [15] , as described in an online appendix. Whereas some researchers have expressed concern about validity of smoking self-reports in pregnancy research [16, 17] , in the national survey context there is evidence of acceptable validity and reliability [18] .
Restricted-Data Analysis System online data analysis software allows contingency table analyses, but no regression modeling or other advanced analysis approaches. Crude smoking estimates can be misleading when there are important imbalances in often correlated variables such as age. As explained in the appendix, in the current study we used an indirect age standardization approach devised by Breslow and Day [19] , with non pregnant females 12-44 years of age specified as the referent population. All estimates are based on the R-DAS analysis weights for pooled data, with Taylor series linearization for variance estimation, given the complex study design. ? PR = Observed prevalence (%) among pregnant, divided by observed prevalence (%) among females in the first month of pregnancy with the CI derived through Wald method
Results
Among women age 12-44 years who are in the 1st month of pregnancy, the estimated prevalence of recently active tobacco cigarette smoking is 26.6 % (see Table 1 ). This smoking prevalence estimate for Month 1 is not appreciably different from the estimate for all 12-44 year old nonpregnant women, 26.7 % (95 % CI = 26.4 %, 27.1 %, data not shown in a table). Evidence of a possible ameliorative effect of pregnancy on active smoking is not seen in Months 1-2, but can be seen in Table 1 's estimate for women in Month 3 of pregnancy, when fewer than 20 % are active smokers. There is no appreciable variation across subsequent months; the smallest estimate is seen among mothers in Month 9 (11.3 %; Table 1 ). The other columns in Table 1 show expected prevalence for pregnant women if they had had age-specific smoking prevalence at levels seen for pregnant women in the 1st month, as well as the crude prevalence ratio, and the indirectly standardized comparison that holds age constant. Each element of evidence is consistent with reduced smoking prevalence before the end of the 1st trimester but after pregnancy months 1-2. [Interested readers may wish to view the online supplementary appendix table illustrating indirect age standardization, with an alternative reference population (i.e., non-pregnant women), leading to conclusions not appreciably different from those obtained in our primary analysis.] Figure 1 displays estimates for month-specific TD prevalence among smokers, based on the NDSS/TTFC approach, with TD found to affect just over one-half of non-pregnant 12-44 year old female smokers (52.7 %), and with evidence that TD might be affecting smoking persistence in early pregnancy, as gauged by tangibly greater TD concentration among smokers in the later months of pregnancy (i.e., [60 % prevalence from Month 3 onward). Upon seeing these estimates, we made an ex post facto contrast of pregnant smokers in Months 3-9 versus non-pregnant smokers, using a prevalence odds ratio (POR) approach explained in the online appendix, and found excess TD odds among the pregnant smokers in Months 3-9 (POR = 1.3; 95 % CI = 1.2, 1.4), with no appreciable variation month-by-month among pregnant smokers. The appendix also provides estimates based on other TD case definitions that some TD experts might prefer to use; the results are not too distant from what can be seen in our primary analyses.
Discussion
Studying month-specific estimates of active smoking among non-pregnant and pregnant women who participated in very recent nationally representative surveys in the United States, we found evidence that an ameliorative effect of pregnancy might be occurring before the end of the first trimester, perhaps observable as early as Month 3 and as soon as a woman becomes aware that she is pregnant. We also discovered evidence of a possible tobacco dependence effect emerging earlier in pregnancy than we had anticipated, which might help explain why some pregnant smokers do not quit smoking. A noteworthy 11.3 % smoking prevalence estimate was seen in Month 9, and this relatively low value might be explained by processes described later in this discussion.
Before any additional discussion of this evidence, several limitations of the study merit attention. The NSDUH study design is not longitudinal. It yields cross-sectional snapshots of non-pregnant women versus all women in the 1st month of pregnancy, and versus all women in each of the subsequent months of pregnancy. In addition, all study variables were by self-report (pregnancy month and recently active smoking), raising a possibility of measurement errors [16, 17] , which can be addressed in future research via bio-assays to confirm pregnancy and recent smoking status [18] . The main response variable, smoking in the past 30 days, did not fully capture all facets of smoking, and the NSDUH TD assessments are more akin to a screening approach versus a formal diagnostic approach. The restriction to simple R-DAS crosstabular analyses placed limits on study of confounding variables other than age. Finally, NSDUH assessments did not cover the timing of smoking cessation or counseling during pregnancy. Notwithstanding limitations such as these, the study findings are of interest due to large nationally representative samples, with standardized independent modularized assessments of smoking, month by month, separated from later questions in a module about pregnancy month, and with no requirement for long-term recall and reporting, as is typical when post-partum mothers are asked to provide retrospective smoking reports over the entire span of pregnancy. These estimates have disclosed for the first time the month-specific prevalence of smoking during pregnancy in the US, with age-standardized comparisons to women in the first month of pregnancy, yielding three useful discoveries: (i) the possibly ameliorative pregnancy effect on smoking prevalence might emerge as early as Month 2 of a pregnancy; (ii) TD's effect on smoking persistence also might be seen quite early in pregnancy; (iii) smoking prevalence seemed to drop during the last month of a pregnancy. A comparison of the NSDUH estimates with corresponding estimates from recent birth certificates and the Pregnancy Risk Assessment Monitoring System [11] suggests that the NSDUH ACASI approach might be superior to other methods in terms of completeness and accuracy, although there is a remote possibility of NSDUH keystroke mistakes and subsequent misclassified smoker identification. The similarity in smoking prevalence estimate for 12-44 year old non-pregnant women and those in Month 1 pregnancy was perhaps because some of the smoking days occurred before the women in Month 1 knew that they had become pregnant [20] . Moreover, the lower smoking prevalence of 11.3 % in Month 9 of pregnancy might reflect greater misclassification of self-reports in that month (especially falsely negative reports), a smoking-attributable increased risk of pre-term birth [3, 21] , or positive effects of mid-late pregnancy counseling or behavioral change intended to have dual benefits: (i) smoking cessation, and (ii) increased likelihood of planning for and initiation of breastfeeding [22] . With the exception of the 11.3 % value in Month 9, we learned that tobacco smoking prevalence among mothers-to-be did not vary appreciably across pregnancy months after the first trimester. It might well be that TD helped to account for the relative stability in these estimates. This study's observed TD prevalence values among pregnant smokers might foster more aggressive screening and outreach approaches for TD cases among pregnant women who have not quit before Month 3, as well as more general smoking cessation efforts along a continuum of services from pre-conception to post-partum [23] . Similarly, whereas the relatively lower TD prevalence in the final months of pregnancy (Month 6-8) might reflect a TD-attributable increased risk of preterm birth as noted [24] , we acknowledge that the true explanation might be sampling variability, with no need for a speculation.
In conclusion, this study's month-specific estimates from nationally representative samples shed new light and add useful new epidemiological facts about smoking in pregnancy as an important aspect of women's health, drawing attention to a possible ameliorative effect of pregnancy on smoking prevalence, observable as early as Month 3, which cannot be seen when the traditional trimester approach is used. Most women in the US recognize their pregnancy and initiate prenatal care by the twelfth gestational week [20] , which is consistent with our results. When we observe these active smoking estimates, monthby-month during pregnancy, as well as the relatively large TD prevalence among pregnant smokers, we are reminded of a need for more aggressive smoking cessation initiatives integrated with health services for women in the childbearing years. It should not be difficult to probe into the implications of these cross-sectional observations as part of ongoing prospective and longitudinal studies of pregnant women, within which comparative randomized controlled trials for smoking cessation are being conducted. Clearly, for the many smoking mothers-to-be who qualify as TD cases, there is need for specialist attention, with anticipated benefits and improvements in relation to the overall health of the mothers and their offspring [25] .
